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Abstract of KR 20010076803 (A) 

PURPOSE: A manufacturing method is provided to obtain a powder for a soft magnetic core material easy 
in composition control and excellent in workability, soft magnetic features and DC superposing features. 
CONSTITUTION: Fe and Fe-Si alloy or Fe and Si are melted in the first step to have a composition of Si 5 
to 8wt% and Fe as a residual. A silicon steel powder is prepared via gas injection or water injection in the 
second step. The silicon steel powder obtained in the second step is machined using a ball mill, an attrition 
mill, a load mill and the like in the third step. The machined silicon steel powder is heat treated at the 
atmosphere of hydrogen, nitrogen or a mixture gas hydrogen and nitrogen at a temperature of 700 to 
1000deg.C for 4 to 15 hours. Heat treatment removes stress in the alloy powder to produce crystal grains 
free from residual stress and to decrease shearing between the powder and insulation layers in 
manufacturing a soft magnetic core using the powder. 
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Abstract 

e ^as smssftgoi °ix\£ est ^aa sj oi esr« oi 
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#7| Xfl1&^i * <r=£A r &il £fe N2, He, Ne, Ar, Kr, Xe S! Rn 7^ §(>M & 7r*l ^£ ¥ 7lX| 

oi-y-s sa-^ 7^chi ojgt- 7^eAi-af 4401 °ish ess xttssfe xii2e^i£h 

i j^ir s Tgiss fl^^ eas M^, (He Bids, s=U §£i QieaWte nmnsk-, 

#7| XfcB* * OlgiJiS ^£ 2f 700-1000 CSI £E7 r #X|£fe S± 4^2f 2 

£S| £§7^ gi?|7|0ilAH 4-15AIZI S£ "S^Bl^fe Xit4B^I* JESrsKM OffO^Xfe 2# *r 
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B22F 1/02 (43) ^7^7.} 2001^08^16^ 



(21) #€^51 10-2000-0004180 

(22) #€^4 2000 1 d0l€28<& 



(71) £#<?L ( ') ^ 

620- 8 

(72) ^4 

^7l£^Alflnl^^^>^-602- 1401 

oj A] <&^i§ 3^449**1 ^ Jl^S 104 -106 

^7l£^€ARK_H^d^276- 3€^K^e 3 _ 603 

(74) tfl^oj ^aj^ 



(54) <S*HJ ^^S-g- ^ £ 6] Jf ^ £] 



£ Si 5~8wt%, #<^°1 Fe°J 2^<>1 5] 51^ FeS* Fe - Si^ IHr FeS* Si# * 7}±^A} ^ ^ 

Mt^HI 2]«fl ^i^q- ^ -§--§-£ ^HH ^-eR> £3^1 ^ 

^5]5L^ #*1*H *H * <yjlS# SfiaH, SElelaal^, ¥^ 

ir «oHHl 2]«fl « ^ ^jt, ^ IrH, ^S^H, SEs] 7l^7>^*> 

^ ^ 700- 1000r 2\ ^7} -frzmSr £± ^ ^7}± ^?HM 4~ 15*]$: ^ 1*| 
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5E4, «4H *H^4 4^4 ^H Ql~4wt%2] 44 4.4^14 %7}W IS] °W ^5i^}jL, o]o] Z n, 

ZnS, Zn - Stearate4 44 4**111: l wt % o]v}3_ |7}t 4 244^I*M 5^4 *H2«"4 ^o]M. 
4 4i 5E4 4^4 4i^l 4^7>i £37HH 500~ 800°C°1 4^4 4*14 *1| 4 20~ 1204 ^£ 1*1 e| 4-°^ 
*] <S*H3 5^4 4^141 £4. 

oH 44, 4 4^4 4^44 445RH x^Tfla^ 44^4 40.^ 44^1 -g-ol^jT tfl^ zj^-^^ol o. 
444 44 7^41 X^SH 4^47}4 444 4 44 Jl4« ^11444. 



>1 ?! ■'>! 

24 *p£4ll-4 ?!44 344^^4] 

44'-l 

£ 14 4 4^1 44 444 4*HH1 SH *1M 5^4 51 7143 s^oj ^ ^ 

t «o] #8fe 7|4 5i H 443 f^7]<gr 

4 1414 <S*43 *V8*Hs-8- 4±4 44 5i °1 °l-S-ft 2^21 ^iia^i 4*> J£4 

4M147114 ^f^^HH 44?t 44*3 *V8*Hsi- 4*14711 s]4« ^ ^^fla-g- 4^4 ^ 

3i °1 °l-8-$ £*B1 2^5] *1W?H 44 3*14. 

2^44444434 3433, ^43 4<S44 nj 7143^443 nfl ? }E AJ^o,] 4123^23^3 

4,i^ 3i H*343 <S43 ^1 44314 Xf^I^ 4^4 443 4^311 $14. 

34 44 4£i 4443 343 Fe, Fe - Ni^fl 4 43 443 433 444 3^4 4443 7flS3 444 2^4 

443 44 ^§4Jl44 44 43 ^34 ^144n4 4444^3 443 n 



334 4^7fla-g- ^4 Bl^^l(Ni-Fe^). €^>iS(Fe - Si - Al^) ^4 

^^J4*7fl4*1 ^197- 61410S 5i £ i^^l ^°d* cfl* D J4¥44^ ^1201603^^1 711*13 44 4^1 47R 

x>#oi x^4^i4 <?i47la! sajoi Ai, si£l 2^-11 fiTll £1^4^ 44 -§-4*1 4^4 ^4 s!447l4 44 
*1 ^4444 4^34 444. 



sl4^oi ; «p s >^ ol44°i 44^ 4^^S4 4H4 4^ sli 4i4 ^14*H S*HJ 4^ 

4H4 44541 $14. °14 4i44 44*H 7>44ji ^14 ^4, ^144^ xp4flas Az. 
44 4°14. 

471 4i44 444 4^74a4i m ^tim±3. 2^ ^1H4 4°14ji *1^4 «1444°14 314, 4^44 Si 
6.5wt%i*1 4714^^1 o«l sH 44^ 4^°1 44 4444. 
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H34, 43 444 ?i7 0 VA ^ ?£7}m\ 44 °H 3343 444^ 43434 44 £44 

§<^S-^n> 7>443 ^E|o S ol^*> 444 oj^fl 4^43 43 A 3. 3. 44€ *H14 4^3 *>^4 

5wt%34^ ^fsHti 44 434 7>^Lrq-. 

3^ 4i4 44i 44, 44334 ^±3. ^± 6.5wt%4 ffi7 0 >^ 4^437 52 o_^ ; 7l ^oj ^444 44 

7}7]^ 7}^4sL^. 41^43 3*1134 4H3 4^ 434 3 34 44, !£t jt^sK^ 444 nfl 443 44 3 
44 434 444. 

443, 4 434 444 34^3 44 43^S4 4444^3 44 4^44 341 4443 443 44 33"4£ 

4 4343 333 €■ 4^4 31* 44n 34 443^3*1 #44 4434 4£ 344 44 

4^ ^34 xpi^af 344 - ^ 41^4^4 ^1443*11 «lHg4. 3444 444 44 43 Si44 

3 5wt% 343 34 si# 44, 3-433 4^34 44^4 ^ oil- 443-43 434^4 4^4 it <a34. 

433 34.1'- 3' S-l- ; ;• 7i**{ 44i 

4 434 444 44 44 43 343 44 *114 4334 4443 34 344^4 444 ^ AS., ^3 434 ■§- 

343 4433 3*1-71 2| 43 3 3443433 444 443 433^4 4^4 «n s > 4^434 4444 

H433 

£ ^3 44 434 n34 Blsn 4| 2 £i 4^4 « ^ 3443 343 23 oi 4443 SI 

4. 

443, ^'ffl¥^l^ 4€3"*H3 24 334 343 £«:*Rr 34HH a s i 3j = 7> 

4*33 tfl^h 43 233 444 if- 24°11 ^4 4^H1 33143 233 

ol 3433 3431 o] ufl ^3^1 a o vhH( Idc = "0A)3" 33 aq^-^Al^ 44#3 44^1 % 



a o t-71^ ^3^- Si 5~8wt%, ^^=ol Fe<?l Fe£)- Fe - Si^ Efe Fe^l- Sil: -g-§-*l-fe 4 1 

^^121-; A o^l 411^1 7}±^} SL^r ^^H^l^l 4 -1] ir±^ 4i*fe ^24^14; ^7] 4z#A] * 4S 

3fi 4^514^^ 7l7j)7> ^ efe 4 3 ^44 ; Aj. 7] * 7 ] ^ 7>? ol ^55] fl- 

± 7 Z 4= 700~iooo°c4 ^£4 444^r H± ^ ^^4 -4^4 ^44^ ^47H14 4 4-15^14 
4 £ 1444^ 444?1]# a 4-44 4444 4§fl 4444. 



5E4, 4: 444- Si 5~8wt%, 444 : °1 Fe4 ^44 4^4 Fe4 Fe - Si44 IHr Fe4 Si4 444^r 4 14?}]4; 

44 414^] 4 444 4444 4^44 444 444 4^4 itfl4 4344 444^4 4444 444^4 
44 °o4lt 4H4 424?114; 43 4244 4 4^4 S£ie4i S44344 «H44 44S 4^44 

44, 4S444, 44S 344 3 444 4 S 544 ^134t114; 43 43444 4«fl 444 4i4 444 4 
700~iooo°c4 4JE4 4344 44 4i 44 4^4 4^4 444^ 44343 4 4-1534 3 A 13344 
44444 S444 4344 44 4344. 



4 434 44 434 Si 5~8wt%, 4444 FeS 3444 4i4 44 444 4344 4 1444; 43 4 144 
4 434 44 444 o.i~4wt%4 44 4434 3443 34s 13 34 44234 4344 42444; 43 
4244 4 333 44 3 43 AS4 44 Zn, ZnS, Zn Stearate4 44 4444 lwt% 34^ 3444 434 
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A7] A]3An HAA^A^ 5L^A ^SRr AA A4AA A A^A 

A^A^A A±, A± ^A A±$\ ^7}± &%7]<q*\ 500~ 800°C°1 A^A AAA A A 20~ 120^ ^51 

Am A 5H« ^R*Kr ^5tMi« ^^l 21*11 ^€4. 



ol*HHfe, £ A»§«\] 4^ ^lii 5]7lsH a^^Ml^l €^«>4. 

AA, AA^A 5]Sfl £ ^3 £^ *lR*Kr fJ-^H cfl*M H^*^, Si 5~8wt%, *H^1 Fe°J 3iA 

°1 Fe^ Fe - SiAA SL^r Fe# Si# if^, N 2) He, Ne, Ar, Kr, Xe ^ Rn 7}± AAA A?\A AA AA 

A AAA AAA A± ^A ^ ^>(°1^ 'AAA'A A)AA £iR ^1^«>4. 

^71 Si 5~8wt%S *im*Kr <>l-{Kr AAA AA AA 5wt% ffi^ 7>^<>1 oj^H^ ^1R °><?ift 

A ^ £41 *M £iWKr 3£ ^fl^5L -§-ol § H ?>o_^ ; 8wt% a^o] ffi7o >^ X>71 

AAo°\}*\ 3.AAAA AAA AAA m #71 ^AAA. 

AAA, FeA AAA 3iAAA SiA 5wt% A ^AAA Fe 95wt%7> 5] 31, Si7> 8wt% H 3-f Fe 92wt% 
7>=14. 

°H, ^Rft AAA IrlKBALL MILL), A Se] AA( ATTRITION MILL) , ^E.A( ROD MILL) AA^. 7}AAA 7} 

a a Am a. 

AA AA 7]mA 7}^ AAA ^*>7^ i£ « n aH ] -g-S^ 7W <£x\Z)X\ A^A 

AAA A V<L3.^ A AAA 7}AA 7]AA SJrJi A A 1*13 -f^fc 3*1- 

71^ ^S] S^*V ^ £0.^ TXft £^g. A}-g-ft S ol AJ<8AH£ -f^^l &A A^ AAA 

1^3 *£s 33*1*1 n Aj^jt A Ay] ^AAA. 

n3 AA, 7}^A 7}^-o] ffi 7j- « ^ 700 _ iooor °1 ^£7> ^lslfe A±, A± ^A A±A 

A$7]o\]A A 4~ 15AA ^ <&*\mSLjL#\ £A^«\] £1*> ^-±A AA^ AA*] ^l£t A $M m. 

<H7HH, AA^ ^W\A AA 7\m AAA 7\x\AA ^A AA m& AnA AA & 

A A5LA ^<H7l7l A^, °m ^l-§-*M AA"§ "fli s^^l AA A 3 Wi ?}m 

7\A*\] «\n 7}A^m AAA AAA 4«H A A( SHEARING) *1 ASAA AA ^°P} %®°}A. 

AA^, <£m A^A A7]A A^AA °}AA 700°C oisHl^^ A 4A 7 i mA AA*] 

looor °AMAA AA°] ±A^A A^A AA°\ elA AA*)^ t±x\ * m ^AAAA AA A^} A7] AA 

°}A. 

5E«> Am *]AA A7]A A^AA °}AA 4AA °}A°\]AA A ^ 6 1^^*1*1 AA 15 

Aizi ol^^fe AAA*} A*}A7] 4AA A, AA <S*H) AA$] AAA*} Am A7}A4 AA v]m<L*L 

A7\AAAA ^n*]A°] AA AA^A A±AA n&<$ AA AAAA ^sfl AAA*] AAAA A*^]A AA 
i a A AAA A7\ $\A°\A. 

AA, -$AA^A 3,AA^ A±A AAA A^AA &m<% si 5~8wt%, AAA°] Fe°J ^«1 

5l£^ FeS}- Fe - Si^ SL^r Fe^ Si# AAA3- A^A°\ °J INGOT) A AA^, A^} AAA AAA 

^ A *$A5\^A AAA^A 3.AAA. 

^1^33 S3. si ^ (JAW CRUSHER) , SEielfie^, SflDl^ ^*>J1, ^Sel^J, 

71 711 a] ol 7>^^ ^«>4. 

^-71 ft ^sfl <goi^i ^-±a AAA A 700- 1000G2] A^A AA^A A±, A± AA A±A A±s] ^AA 
± A^7}^A A 4~15AR> ^je ^AA^AS.A ^AA^ s]ft ffi^ ^ n s R ^d^l A^A A An AA. 
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A oR«t ZR £ T^afl 9]^ ^i7 0 > ^R ^A}«] ^ 2]Sfl ^^BflS. S|jl, °W 71^1^01 7} 

^ 1*13 jirr 7^ o.s ^las *l-8-€ ^ at 3*F8 

°]%7ft 4^ ?i 7 j- £rih£ d l-g-*M *KN3.-8- 2^1- aflSSfe «>, Si 5~8wt%, #<*|1R| FeS °lf-oR ^ 
^ €^ ^ISI ^133 ^ ^r^Hl 0.1~4wt%°l ^ MM^]^ IS\ SE^r 2~4S)S €<?i2 

/-IRhR ^3 (SODIUM SILICATE) «■ 7R^ 8R Afle^B] ^*R^ ^eR 2^ /I^M 

£3*R-°S*1 ^^€^^171 3?t3HR 

^HR, AT- 7 ] ^«T- a^hR i§7RR 0.1~4wt%^ «RsR Qlwt% «RoRR ^5R ^ 2R 5R ol 

^ n s R ^RR, 4wt% «RRaR Afle^oij iS s^l g£ «n> o>vR 4wt% o}^ A^SjO S n € 
*R ^R ^RR^ *R ^ $R xtfl^ol^. 

°H, ^2^1 «R<>R ^fRiR IRRl^H HelR^l £R ^RRR^R <g°R 1RR 7R 

R °H ^RRR U3€ RiR ^ £ D d °J*MM3 *RR 7 a MRRl i?R £|RR lwt% al 

*R $ 7RR 

4R £**1R ^ Zn, ZnS 5Ett Zn - Stearate( °R - ^IR^R 7 E R Rg-^H, °R 2<>R $ 
<RR J£eR°l ^SR fiisfe 7R# 

2^ ^i, A 3iR 2<>RH ^Hff-g-^ ^SR *fl7RRl ^Sfl ^i, HR *^7R £37RR 5 

00~ 800°C °] *fl q= 20- 120^ 1*131: "U*1*H £*M3 2^1- ^1R*R1 £R 

<2f*R 5J ARR £o] Ol o-^ AHf-g-SR SR*1 *ll7RR7 *R ^<g*ol ^R 

«oR*H -f^£ *RR^^RR <?R ?RS, 500°C <RHHfe *R313*R i^ol £LJ7 800°C al^i^ fe 

^a o > € ^^ 7 |. ^ o.nj, 20& fl*H^1fe 1^3 a^7} ?i^*>Jl 100^ «l^i>M^ 2^S] ^>#( 0 J^€i) 
2] 100^ 1^3t €^7> ^71 ttfl^oluf. 

<>]% ^ ^-n #71, cfl7is^ o] ^§>7i ^sfl 

4^«> ^ ^ ^S] 42.^^ ^ ffi^ 51 °1 ffi^ 2^4 *>7R> 

[^H i] 

Si 5.3wt%, FeS ^A>^_o^ . MOmesh EL7}2] S^r ^l^^ ^ 8^1 

7J°1 ^51^ €^*>J7, 800°CS1 €i ^^7le>ollA 1 12 Al7j ^o> «*1 el el-Wul, 

=L# ^i, 0.4wt% 5] AflE)-^ o.^ 2S1 ^^2^^ *3§>2, 0.3wt%°l ^ - -&*^1# 3 7>*>^ 

27nim, 14.7nim, n. 2 nim£l i2*># ^§H, 600°CSl €i ^^7lS>^A^ 1^7} «^3*>^ 570^^ 
^*>S4(^^^ 1). 

*\}3i$_ 3.6] Tflsfl 6flu(-Tg ^lai^- 36S] ^a] * lkHZi ^ov lv oj 2 =^ov^ oi 7 >e>jl, zjff^lff* 0-30A °J 

[^H 2] 

Si 7.5wt%, ^t^^ FeS alf-^^1 ffi^ - 140mesh 271^ 5fe ft^S ^l^ft ^ 12^1^} 

£1 ^nj^ AJA]^ g 5or ^°l7l*HM 5AR> 
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H4 ^f<4 1.0wt%°l ^4 Aflal-?qo.s IS) *gS|-jL, Q3wt%S] 44- ^1444 4*^11- $7>«H 93 

27mm, ^3 14.7mm, 4°1 11.2mm°l 4^ 2«lt 41144 760°C£] 4i 4^7l*HM 40^ 3.^% 
44 4534(4^11 2). 

^4 2<>H tflfh ^144^44 ^44 ^Al^ 1^ ^ 
[4*H 3] 

Si 6.2wt%, 4^4 FeS olf-ol*! ^£5^ °j21t 44JI, 2^^, sMlS *t 4 444 164 # 

444S 850°C°1 4i 437l*H4 8 Al£ ^o> 0^3^^ 

n4 44 0.6wt%°l 44 *il4^S 2^ 442^4 ^42, 0.3wt%°l 44 -i£]14?I4 ^ 7 >*>^ 33 

27mm, 14.7mm, 4°1 n .2m2\ 44 244 4444 700t°l 4i 4^7l§H4 2 44 I^H]^ 2^4 
44 4534(4^11 3). 

[wl-SH l] 

Ir^y.^. sj^s.oKMPP) ^-i: aH-SH S]^ 27mm, tfl3 14.7mm, 11.2mm°l 4H 2^1- ^^^^(Hlja 

*11 1), £4 ICIiS £££ 444<H 4"7l HlS^ 13f ^o Jft a7l o, ^ 2o11 . ^2^31(131^11 2), £ 

t *14^S444 €^hi 14 ^44 444^4. 

£ HI 5lX\& wl-51- Q*] t jj7^.ofl 31=7} f^5| Al ^ nq a i7Hfe- S4 100%3 ^a>#^ ^.©1 rq-7> zl47> 
5] 711 =14 141*11 3,1,221 444 44*1 ^4 4444 i+^-vfl 44 ulii^fl 1,2^ ^tfl^ o.s 4*1*1 44 4444 
1 4 $14. 

444, W1S711 l,2i wlsfl ^7fl 3,1,27} c| 444 34?4W4 7>a1o S p^vflE^ 3_o]^ c-14 aiffl, s 

*1 4 4^4 44 s]*H 444 *RJ*H5.-8- 4^44 ^n^^^ ^t}jL *m <>i-g-sH £44 a^i- 71124 

0.^4 £ ^Tgol 44 -g-Ol §1-711 ^AJ*V ^ o j 7]] ^ 

0]^]A] A£4*\ v}SSt y^o] i £ ^ofl 4^ *|a}4 A>Aj7fla-g- lf±7 0 l- « ^ 4 « ^ oj^ 

^ S<>! 21 711 2^^^- 4^4 ^ 14t ^lif «>4. 

m, 91^7} ^O] ^-±7^ ^3^M 7^4sL^ A>-g- E JL SV_0 S ^ 7 >^ol -§-OlS>J7 7l ^5] A^^flSO] 

§sly.^l-sliisol ^ &tf±^3.6]<q uisfl cfl^s ^s^^^Ajoi sui§i §A o T-^^ 

#*fl, 7>^ol Aia^ ^2^7># ^7J-*V - oli^ ^$4. 

(57) ^ ^ 

1. 

Si5~8wt%, 4°i^°l Fe°J ^«1 5]£4Fe4Fe-Sl^ EE^r Fe4 Si* -8-g-«fe A V&A 4; 



4^71 ^1 14/11 ^ ^^r44^ N 2 , He, Ne, Ar, Kr, Xe ^ Rn 7>i ^o^Al a] eSe] gj-y^i i^. i 

44 7>^i 2\ % 7>^£,WH 21*11 ?i7) ft^i- ^l2*>fe ^124^14; 
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^-71 ^13^^1 * 7131 7>^ol ffi 7 0 > « nv^ ot= 700 _ 10 00°C£1 ^£7> -fr*l=l*r ^i, €i £± 

2] £®7}± ^7H1A1 <q= 4 ~ 15 Al^ ^J£ l^Sfe ^4^1* °lf-°l*l*r 3^ ^A5L <S*H x > 



Si 5~8wt%, #<^°1 Fe°J 2^*1 Fe^ Fe - Si^ EE^r FeS* Si# 3~§-SRr 4 

W 4 1^1 * -§-■§-€ -§--§« ^^1 ojxH ^HH 5lt ^^1 ^3 51^ ^RHl ^z|5l^ 

^•71 ^2^31 ^ ^« 53^, SElSlfl^A^ gflolnj - ^S>J7, ^J, ^E^U, SHU ¥HH ?1 

W x\]3#m m ?M £^ n 700~ 1000°C°1 ^£7} -fr*l3^ £± ^±$] 

7>H ^7H1A1 01= 4 ~ 15 Al ? i ^ HS^Rr ^4^1- a#*H ^ m±*L §fe <3*H xR^S 

-g-ffi^^^l^^. 

Si 5~8wt%, #<^°1 FeS ol^olzl ff £7 0 V ^ ^l^fy 

^-71 t!1 iTj^l * ^ £ D S H1 0. l~4wt%3 Aflel-El^ ^7>§M a]^ iJl o]^ ^3.^ ^SR? 7^1 

W * 5J ^ lit 3*ti Zn, ZnS, Zn - StearateS)- ^ lwt% ^1*>S ^7>*Kr 

7113^141-; 

^-71 TilS^^l JI^WM Tll^Kr 7114^3151-; 

^"71 7114^31 * 3<>1 °1 ^Hf^^ 7fl7le>5L^ EE^r ^£51- ^£5J *^7}i £^7HH 5 

00~ 800°C°1 ^5L^ -fMft ^fl ot 20 _ 12Q& ^ oj^s ^Ale>ol ofx^ 2c>m 7^15^ Til* i«"*>«^ 

^l^^lfe ^ ^f±^ °l-g-S <?!^ 2<>1S1 TllS^. 
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